This study aimed to determine the prevalence of HBV and HCV among children and adolescents attending schools and daycare centres in Rio de Janeiro State, located in southern Brazil. Serum samples from 1,217 individuals aged 0 to 18 years were collected from 1999 to 2012 and tested for HBsAg, total anti-HBc, anti-HBs, and anti-HCV by ELISA. Reactive HBsAg and anti-HBc samples were tested for HBV DNA. Reactive anti-HCV samples were tested for HCV RNA and genotyped by RFLP. HBsAg was detected in 1.8% of individuals, and total anti-HBc was detected among 3.6% of individuals. Anti-HBs reactivity was found among 25.3% (322/1,217) of the individuals and increased from 6.28% in the years 1999-2000 to 76.2% in the years 2001-2012 ( < 0.0001). HBV DNA was detected in 18 of 51 individuals who presented with HBsAg or isolated anti-HBc, and nine were considered occult hepatitis B cases. Three individuals were anti-HCV-and HCV RNA-positive: two of them were infected with genotype 1, and the other was infected with genotype 3. Low levels of HBV and HCV markers were observed in children and adolescents. HBV immunity increased during the period of study, indicating that childhood universal HBV vaccination has been effective for controlling HBV infection in Brazil.
Introduction
Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are important public health problems with broad clinical spectrums, from asymptomatic infection to cirrhosis and hepatocellular carcinoma [1, 2] . According to the World Health Organisation (WHO), approximately 240 million people are chronically infected with HBV worldwide, while 150 million people are infected with HCV [2, 3] .
Recently, an epidemiological survey for HBV and HCV infection was conducted among individuals aged 10 to 69 years living in the five geographic regions of Brazil, and this survey reported the overall HBsAg, anti-HBc, and anti-HCV seroprevalence rates of 0.37%, 7.4%, and 1.38%, respectively [4] . Among individuals aged 10 to 19 years, the prevalence of anti-HCV was 0.75% [5] , and 1.1% of the individuals were anti-HBc reactive [4] . Most of the prevalence studies for HBV and HCV infections were conducted among blood donors or specific groups, such as drug users [6, 7] . In Brazil, a few studies regarding the seroprevalence of HBV and HCV markers were conducted among children and the adolescent population; these studies reported prevalences ranging from 0 to 0.7% for HBsAg, 0.5 to 1.4% for anti-HBc, 48.6 to 58.8% for anti-HBs, and 0% for anti-HCV [8] [9] [10] .
The availability of safe and efficacious vaccines has led to the feasibility of effective control of HBV infection, especially in areas of high prevalence where most chronic HBV carriers acquire the infection very early in life [11] . In Brazil, HBV vaccination became mandatory for all newborns in 1997, and in 2001, the National Immunization Program was extended to the population of individuals up to 19 years old [12] . Therefore, most children born before 1997 could not be protected against HBV infection, and these individuals could become chronic carriers of the virus.
Hepatitis B and C share common transmission pathways; thus, it is possible to investigate them simultaneously [2, 3] .
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The prevalence of HBV and HCV markers in children varies by risk factors and geographic location [3, 13, 14] . Children from all parts of the world who received multiple blood transfusions before 1992 have a 50% to 95% chance of being HCV-positive [15] . Moreover, it is well known that adolescents are exposed to increased risk factors, such as unprotected sexual relations, tattooing, and body piercing, which can lead to HBV and/or HCV infection [16] . Thus, a serological survey was performed among children and adolescents from Rio de Janeiro State, located in southern Brazil, to evaluate the changes in HBV and HCV marker profiles according to age group.
Materials and Methods

Study
Design. This was a retrospective study that aims to evaluate the prevalence of serological markers for HBV and HCV infections among children and adolescents from a metropolitan region of Rio de Janeiro State.
Studied Population.
In the present study, daycare centres and schools from a metropolitan region of Rio de Janeiro State were analysed. Rio de Janeiro State is the third most populous state in Brazil and is divided into six regions (Lowland, Centre, Metropolitan, Northeast, North, and South). Approximately 80% of the individuals of the state live in a metropolitan region, and 40% of them were aged 0 to 19 years and attended daycare centres or schools in 2010 [17] . The study population was from a metropolitan region of Rio de Janeiro that corresponds to an urban area of the state.
The sample included all the children attending four primary schools and two daycare centres located in the metropolitan region of Rio de Janeiro State between 1999 and 2012. All individuals invited to participate in the study were included in this study. Schools were selected using a nonprobability sampling method, and only public schools and daycare centres located in the metropolitan region of Rio de Janeiro were included. The schools included both primary and secondary schools, while daycare centres included kindergartens and prekindergartens.
Data Collection and Processing.
The inclusion criteria were as follows: age between 0 to 18 years and presentation of an informed consent form signed by parents or other persons who were legally responsible for the participants. Trained community health workers (CHWs) explained the objectives of the study to the participants, who were then asked to obtain written informed consent from their parents before blood sample collection. This study was approved by the Ethics Committee in Human Research at the Oswaldo Cruz Foundation.
Serum samples were tested for HBsAg, total anti-HBc, anti-HBs, and anti-HCV using commercial immunoassays supplied by Diasorin (Italy). HBsAg and isolated anti-HBc reactive samples were submitted to seminested PCR testing for HBV DNA detection [18] to identify active HBV infection. Anti-HCV reactive samples were submitted to nested PCR testing, and the samples that contained HCV RNA were also genotyped by RFLP [19, 20] . The molecular methods had sensitivity of 50 UI/mL [19] , and all serum samples were stored at −20 ∘ C until analysis.
All individuals who tested positive for anti-HCV/HCV RNA and HBsAg were referred to hepatology units in the public health system, where these individuals would receive the appropriate antiviral treatment. Information regarding the type of treatment was not available for this study.
Statistical Analysis.
The prevalence rates of HBV and HCV markers were calculated for the total studied population and in relation to gender, age group, institution groups, and period of HBV vaccination available at public health units for children and adolescents as of 2001. Continuous variables were reported as the mean ± standard deviation. HBsAg, antiHBc, anti-HBs, and anti-HCV were analysed by comparing the children according to the following age groups: infant (1 month to 2 years old), pre-school age (3 to 6 years old), school age (7 to 11 years old), adolescents (12 to 15 years old), and young individuals (16 to 18 years old).
The differences in HBsAg, anti-HBc, anti-HBs, and anti-HCV prevalence rates among these various groups were tested for statistical significance by the Chi-square for trend test using GraphPad Instat, version 3.06. The results were considered statistically significant when < 0.05.
Results
A total of 1,217 children and adolescents attending daycare centres and schools from Rio de Janeiro were included in this study. The mean age was 10.39 ± 4.11 years, ranging from 0 to 18 years with 51.6% females. Table 1 shows the HBV and HCV markers among the population studied according to gender, age group, and period of HBV vaccination available at public health units. In the total group, previous HBV infection (HBsAg−/anti-HBc+) was observed in 3.6% (44/1,217) of individuals. A total of 1.2% of individuals (15/1,217) also had anti-HBs markers, indicating HBV immunity, and 2.4% had isolated anti-HBc.
Active HBV infection (HBsAg+) was observed in 22 individuals (1.8%), most of whom were males ( = 14) aged 7 to 11 years old ( = 9). Most of the individuals did not have any HBV markers (70.3%), especially those aged 12 to 15 years (44.9%).
HBV immunity (as determined by anti-HBs positivity) was observed in 25.3% (308/1,217) of individuals. A total of 24.1% of these individuals were most likely vaccinated because only anti-HBs was detected in their serum samples.
When HBV immunity, previous HBV infection, and HBV active infection were evaluated according to the HBV vaccination records available at public health units in Brazil, it was observed that anti-HBs reactivity increased from 6.28% 2001-2012. These results were statistically significant for antiHBc markers ( = 0.003) according to the year of sample collection. Positivity for HBsAg and anti-HBc was not statistically significant with respect to gender and age group. Anti-HBs positivity was associated with age group, as most individuals aged between 12 and 15 years had HBV immunity (103/308) ( < 0.0001).
Among the 51 individuals who had HBsAg ( = 22) or isolated anti-HBc ( = 29), 18 were also positive for HBV DNA, nine had active infections (HBsAg-reactive sample), and the other 9 individuals were considered occult hepatitis B cases (HBsAg−, HBV DNA+, anti-HBc+, and anti-HBs−).
Regarding HCV infection, 20 individuals had anti-HCV antibodies in serum samples, but only 3/20 individuals were HCV RNA-positive. The HCV patients were mostly males (2/3), and their ages were 7, 11, and 18 years. Two of them were infected with genotype 1, and the other patient was infected with genotype 3.
Discussion
The present study was conducted to evaluate the seroprevalence of HBV and HCV markers among children and adolescents from Rio de Janeiro State. Low frequencies of HBV and HCV infections were observed. HBsAg prevalence decreased during the study period, with prevalence varying from 2. [8, 9] . On the other hand, the HBsAg prevalence found in the present study was lower than that observed among children from Indonesia (3.1%) [21] , Mexico (3.1%) [22] , and North India (4.35%) [13] , independent of the year of sample collection. When considering the detection of HBsAg and/or HBV DNA, active HBV infection was observed in 31/1,217 (2.5%) individuals.
Among children and adolescents from Rio de Janeiro State, 4.6% were anti-HBc-positive from 1999 to 2000, and 2.1% had this marker from 2001 to 2012. From 2001 to 2012, the prevalence of anti-HBc was lower than that described in studies of children and adolescents from the southern region of Brazil conducted between 2007 and 2008 (ranging from 1 to 1.4%) [8, 9] and among hospitalised children in Mexico (1%) [22] .
Positivity for HBsAg and anti-HBc was not associated with age group; however, high prevalence was observed among older age groups. A similar result was observed among individuals from other geographical areas of Brazil [4] . On the other hand, anti-HBs positivity was associated with age group, as most individuals aged between 12 and 15 years had HBV immunity. This result is similar to observations among children aged 10 to 14 years in China [23] .
HBV DNA was also detected among 18 individuals. Of these individuals, nine had an active infection (HBsAg reactive sample), while the other 9 individuals were thought to have occult hepatitis B infection (reactivity to anti-HBc alone). In the present study, a higher frequency (31%, 9/29) of suggested cases of occult hepatitis B infection was observed when compared to the frequency of HBV-infected children with haematological disorders in Egypt (20%) [24] .
Regarding HBV immunity, a relatively lower level of anti-HBs seropositivity (25.3%) was found in the population during the entire period of study when compared to other similar studies conducted in southern Brazil (48.6%) [8] and Iran (60%) [25] . However, a higher anti-HBs prevalence rate was observed after 2001, most likely due to implementation of HBV vaccination in public health units. Although information regarding the previous history of HBV vaccination of children was not available at the time of sample collection, higher rates of anti-HBs prevalence after 2001 suggest that universal HBV vaccination has improved HBV immunity in this population as it has in China [26] .
The successful introduction of the HBV vaccine into the Brazilian National Immunization Program has had a great impact on the prevalence of HBV markers among children. The results of the present study showed that universal vaccination of infants has contributed directly to the reduction in the prevalence of HBsAg and anti-HBc during the years of sample collection. These data are consistent with studies conducted in other parts of the world [11, 23, 25, 26] , which have shown a reduction in HBV marker prevalence since the introduction of the hepatitis B vaccination programs.
Regarding HCV infection, 20 individuals were anti-HCV reactive; however, the infection was confirmed in only three cases by HCV RNA detection, showing a similar HCV prevalence (0.2%) when compared to one study conducted among healthy children from Taiwan (0.3%) in which no children had HCV viremia [27] . In Brazil, no HCV cases were reported in studies with children aged 10 to 16 years from southern Brazil [8] [9] [10] , although low HCV prevalence was observed in individuals aged 10 to 19 years from different geographical regions of Brazil (0.75%) [5] . These data appear to show that differences in HCV prevalence could be observed according to the group of children and the geographical area evaluated. Regarding HCV genotypes, the same global distribution was observed, as most of the samples belonged to genotype 1 (75%), which is the most common HCV genotype worldwide and among HCV infected individuals from Brazil [3, 5, 28] .
Conclusions
In conclusion, low prevalence of HBV and HCV infections was observed in children and adolescents during the study period. In addition, HBV immunity increased among these individuals during the study period, indicating that childhood universal HBV vaccination has been effective for HBV control in Brazil. Furthermore, HCV prevalence was considered low in this population. These results highlight the importance of prevention programs for children and adolescents, both to avoid risk behaviour and to maintain the low prevalence of hepatitis B and C among these groups of individuals.
